ABSTRACT. This study was conducted to evaluate the impact of antiepileptic drugs on the liver function and L-carnitine levels in children suffering from epilepsy. Sixty epileptic children aged from 1 to 15 years, together with 20 healthy controls were studied. Among them twenty-five children were treated with phenytoin (group I), 25 were treated with carbamazepine (group II) and 10 patients were treated with phenobarbital (group III). In each of the three groups, serum free carnitine levels were significantly decreased after one month of therapy compared with pretherapy levels (p<0.01, p<0.01, p<0.01 respectively). Meanwhile, the levels of L-carnitine in treated children collectively were significantly decreased in comparison with healthy children (p<0.01). Hypocarnitinemia was detected in 28% of group I, 56% of group II , and 30% of group III. Serum SGOT was significantly increased in patients treated with phenytoin and phenobarbital (p<0.01, p<0.05 respectively) compared with pretherapy levels. Whereas serum lactate and total bilirubin were significantly increased after therapy in patients treated with carbamazepine in comparison to that before significantly increased (p<0.05 for each) in comparison with controls. Moreover, a significant negative correlation was found between values of carnitine and both lactate (p<0.01) and lactate/pyruvate ratio (p<0.05) after therapy in carbamazepine treated group. It should be taken into account that carnitine rich food in the form of milk and milk products must be taken as a supplement to the antiepileptic drugs especially carbamazepine.
Introduction
Epilepsy has been defined as a paroxysmal disorder of the nervous system characterized by recurrent attacks usually with alteration of consciousness with or without convulsive movement [1] .
The most effective method for the control of seizures is the use of anticonvulsive drugs, namely phenobarbital (Mebaral), phenytoin (Dilantin), epamin (Epanutin), mephenytoin (Mesantoin), primidon (Mysoline), carbamazepine (Tegretol), ethosuximide (Zarontin), and valproic acid (depakene) [2] . All of these drugs are known to cause adverse effects.
A serious Reye-like syndrome involving stupor, coma, hepatic dysfunction, and hyperammonemia has been attributed to valproate (VPA) [3] [4] [5] . Patients taking VAP with phenytoin and phenobarbitone had significantly higher plasma ammonia levels [6] [7] [8] and significantly lower carnitine levels than did patients on phenytoin and phenobarbitone alone [6, 8] . Coulter and Allen [5] proposed carbamoyl-phosphate synthetase deficiency as a cause of hyperammonemia while Coud et al [9] attributed valproate induced hyperammonemia to an inhibited N-acetylglutamate synthesis.
Valproate is found to be toxic to rat liver-mitochondria in both in vitro [10] and in vivo [11] . Valproate can inhibit mitochondrial β-oxidation of long-chain fatty acids by formation of valproyl-Co A that sequesters free Co A [12, 13] . In addition, valproate metabolites can inhibit enzymes involved in β-oxidation [14] and exacerbate carnitine deficiency [15] .
More recently, it has been observed that VAP causes a decrease in the level of Lglutamate and L-ketoglutarate, a cofactor of butyrobetaine-hydroxylase in liver that is essential for carnitine formation [16] . Severe tissue carnitine deficiency might result in severe illness as a Reye-like syndrome and even fatal hepatotoxicity [17] due to the impaired mitochondrial metabolism in liver and the release of hepatotoxic metabolites into circulation [13] . Segade et al [18] detected hypocarnitinemia in 21.5% of the non-VAP patients (those taken phenytoin, carbamazepine, and/or phenobarbital as anticonvulsants) ranging from 15.4 to 26.8%. Bates and Hug [19] found that the lowest carnitine levels were among patients taking phenobarbital drug.
Therefore, the detection of these side effects is of great importance as these drugs will be used by the patient for a long time, especially with drugs causing hepatotoxicity like valproate. That is why liver function tests must be performed regularly for early detection of these side effects [13] . This study aims at evaluating the effects of the three most commonly used drugs, namely, phenytoin, carbamazepine, and phenobarbital on the liver function as independent variables and L-carnitine as a dependent variable in children suffering from epilepsy.
Materials and Methods
This study involved 60 outpatients from the Assiut University Pediatric Clinic who had been diagnosed as epileptic, aged 1-15 years (mean ± SD: 8.76 + 4.09) (36 males and 24 females) and 20 apparently healthy controls (10 males and 10 females of the same age group (7.77 + 4.07)) and from the same geographical distribution.
All the epileptic children were free from any affecting disease and mental or motor disabilities; their fundus examination was normal. They had been diagnosed as primary generalized tonic-clonic epilepsy (grand mal) according to clinical history and electro-encephalograph records. They were treated with anticonvulsant drugs for the first time. Based on the drug used, they were divided into three groups. The first group consisted of 25 patients treated with phenytoin in a dose of 4-8 mg/kg/day, the second group consisted of 25 patients treated with carbamazepine in a dose of 10-30 mg/kg/ day, and the third group consisted of 10 patients treated with phenobarbital in a dose of 1-5 mg/kg/day. The drug was administered two times per day while the drug dosage varied according to the patient's age. As there was no facility for us to measure the drug plasma concentration, we used the maximum tolerated dose as indicated.
During the period of the study, the patients and controls received a normal balanced diet according to their age and nutritional requirements. Patients having evidence of malnutrition were not included in the study. Two samples of blood were taken from each patient, one before the start of the treatment (at 0 day) and the second after the treatment by one month (30 days) . No patient had changed his drug or dosage during the period of the study. Blood samples were centrifuged and the sera were separated and kept deep frozen at -20 o C until analysis.
The sera of patients and controls were tested for: * free L-carnitine by the enzymatic UV assay kit purchased from Boehringer Mannhim, France * transaminases activity (GOT and GPT) colorimetically according to Reitman and Frankel method [20] * triglycerides by an enzymatic method using triglycerides enzymatique PAP kit purchased from bioMerieux, France * total bilirubin by the use of bilirubin and ictotrol kit purchased from bioMerieux, France * lactate and pyruvate levels according to the method of Marbach and Weil [21] Statistical Analysis: The statistical significance of differences between two groups was assessed by using student's t-test. The correlations between variables were evaluated by linear regression analysis or by correlation coefficient. Differences were accepted as statistically significant when P < 0.05.
Results
The mean (X) and standard deviation (SD) of various parameters studied in sera of phenytoin treated group (I), carbamazepine treated group (II), and phenobarbital treated group (III) before and after therapy are shown in Tables 1 and 2 .
Group I (Phenytoin Treated Cases):
The patients had a significantly lower mean ± SD values of serum free carnitine after therapy than that before therapy (P < 0.01). Among them, seven cases showed decreased values (28%) after treatment whereas the mean ± SD values of SGOT after therapy were significantly higher (incidence is 4%) than that before therapy (P < 0.01). The values of total bilirubin after therapy were significantly higher (incidence is 20%) than both pretherapy level (P < 0.05) and the control level (P < 0.01). In this group the values of triglycerides before and after therapy are significantly correlated to the values of lactate (P < 0.01 and P < 0.05, respectively).
Group II (Carbamazepine Treated Cases):
The mean ± SD value of serum free 15.78 ± 6.79 p1 N.S. p2 N.S. p3 N.S.
Lactate:pyruvate ratio 18.07 ± 9.57 p1: groups versus controls p2: phenytoin versus other groups p3: carbamazepine versus phenobarbital group carnitine after therapy was significantly lower (P < 0.001) than before therapy. Among them, 14 cases showed decreased values (56%) after treatment. There was a significant increase in the mean ± SD values of total bilirubin and lactate after therapy in comparison to that before therapy (P < 0.01 for each). After therapy, 4 out of 25 patients showed elevated values of SGPT (16%) and one case showed elevated values of SGOT (4%).
In comparison to control values, the mean ± SD of free carnitine showed significant decrease (P < 0.01), the values of triglycerides showed significant increase (P < 0.05) (incidence is 32%), and the value of total bilirubin showed significant increase (P<0.05) after therapy (incidence is 20%). There was a significant negative correlation between the values of carnitine and lactate before (P < 0.05) and after therapy (P < 14.98 ± 5.62 p1 N.S. p2 N.S. p3 N.S.
Lactate:pyruvate ratio 18.07 ± 9.57 p1: groups versus controls p2: phenytoin versus other groups p3: carbamazepine versus phenobarbital group 0.01), between carnitine and lactate/pyruvate ratio before and after therapy (P < 0.05 for each).
Group III (Phenobarbital Treated Cases):
The values of mean ± SD of serum free carnitine after therapy was significantly lower than that before therapy (P < 0.01). Among them, three cases showed decreased values (30%) after treatment and in spite of that, no significance was detected in comparison to controls.
The patients had a mean ± SD values of SGOT and SGPT after therapy higher than that before therapy and this increase was significant (P < 0.05 for each). Also, a significant increase was observed in the values of pyruvate after therapy in comparison to that before therapy (P < 0.01), but this difference in values was statistically insignificant in comparison to that of control.
In comparison between the values of all the studied cases after therapy and those of controls, there was a significant decrease of serum free carnitine (P < 0.01) while triglycerides and bilirubin values were significantly increased (P < 0.05 for each) (Tables 3 and 4) (Fig. 1) .
No significant correlation was found between serum free carnitine and liver enzymes in any group except in controls, where a significant negative correlation was observed between serum free carnitine and each GOT values (R = 0.4, P < 0.05) and bilirubin values (r = 0.39, P < 0.05). In addition, no significant correlation was found in the present study between serum free carnitine and the children's ages.
Discussion
Epilepsy is a frequently encountered condition among the attending patients in anyten influences the choice of drugs or limits the success of drug therapy. Since most pa- Free carnitine (umoI\L) tients undergo long-term treatment with these drugs, detection of chronic toxicity is of special importance [18] .
With the use of anticonvulsants there is a risk of developing secondary carnitine deficiency which is claimed to induce Reye-like syndrome involving stupor, coma, encephalopathy, hepatic dysfunction, and hyperammonemia [6, 22, 23] .
Carnitine is an important nutrient that is present in the diet and is synthesized from dietary amino acids. It functions to assist long chain fatty acid metabolism and to regulate the ratio of free coenzyme-A to acylcoenzyme-A in the mitochondrion. Carnitine deficiency occurs in primary inborn errors of metabolism, in nutritional deficiency, and in various other disorders including antiepileptic drug therapy [13, 18] .
Taking the mean 2-SD of control values as a lower limit of normal, the present study showed that there is a decrease in the mean values of serum free carnitine in all the studied groups after therapy in comparison to pretreatment levels. Twenty-eight percent of group I, 56% of group II, and 30% of group III studied patients showed a significant decrease in free carnitine level after treatment. Meanwhile, a significant decrease was observed in the second group (P < 0.01) in comparison to controls.
These findings indicate that carbamazepine has the greatest effect on carnitine in comparison to other antiepileptic drugs. Previous reports of Morita et al [24] , Segade et al [18] , and Beghi et al [25] support these findings. In the study of Segade et al [18] , they found that the groups treated with carbamazepine and phenobarbital had free carnitine concentration less than those of controls. They detected hypocarnitinemia in 21.5% of their studied patients. In the study of Beghi et al [25] , they reported that carnitine deficiency, which is produced with these antiepileptic drugs, is worth noting and may be a part of a more general biochemical effect of antiepileptic drug therapy on lipid metabolism. However, the significant hypocarnitinemia found in the present study was not detected in the study of Ohtani et al [6] and Sugimoto et al [11] .
The mechanism by which these drugs cause carnitine deficiency is still not clear and is a field for further studies. According to Ohtani et al [6] , the enhanced consumption of carnitine, inhibition of carnitine synthesis, and increased excretion of carnitine could be the cause of hypocarnitinemia. Coulter [13] proposed that carnitine deficiency in patients with epilepsy may result from pre-existing metabolic disorders, nutritional inadequacy, pharmacological effects of the drugs, or a combination of these factors.
Other investigators attributed carnitine deficiency in these patients to the sequestration of free CoA [11, 12] , inhibition of β-oxidation enzymes [13] by drug metabolites, and recently to the decreased level of L-glutamate and L-ketoglutarate [16] in liver due to antiepileptic drug intake.
The present study supports the contention of the previous investigators that the development of secondary carnitine deficiency is related to the anticonvulsant therapy.
Another finding obtained in the present work was the significant increase in the mean values of serum triglycerides in all patients in comparison to controls (P < 0.05). The significantly increased triglycerides values are detected mainly in the carbamazepine treated group (P < 0.05). This finding is in accordance with that of Datsur and Dave [26] . The possible mechanism of the increased level of triglycerides is the inhibition of β-oxidation of fatty acids due to carnitine deficiency and as a result, the fatty acids will be directed to triglyceride synthesis [27] .
Moreover, in the present study, there is a significant increase in the mean values of total bilirubin after therapy in comparison to that before therapy (P < 0.05) and in relation to controls (P < 0.01 and P < 0.05) in both group I and II, respectively. This is supported by the finding of Beghi et al [25] . In addition, a significant increase of the mean values of GOT in the sera of phenytoin treated cases (P < 0.001) and GPT in the sera of phenobarbital treated cases (P < 0.05) after, in comparison to that before therapy. This finding is supported by the reports of Aldenhovel [28] and Sugimoto et al [11] . Also, the increase in the mean values of pyruvate in phenobarbital treated cases (P < 0.01) and lactate in carbamazepine treated cases (P < 0.01) after, in relation to that before, therapy is in accordance with the findings of Thurston et al [29] and Sugimoto et al [30] .
Interestingly, in the present study, there is a negative correlation between carnitine and lactate and lactate/pyruvate ratio in the carbamazepine group after therapy. This can be explained by the increased rate of anaerobic glycolysis in a trial to overcome the shortage in energy with the resulting risk of lactic acidosis. At the same time Krebs cycle may be inhibited by the resulting high level of NADH+H + . In turn, ketoglutarate levels may be decreased which has been proven to be the cofactor for carnitine precursor hydroxylation leading to carnitine depletion and more worsening of the condition. This explanation is recently supported by Farkas et al [16] . These findings, together with the increased incidence of carnitine depletion (56%) in the same group, significantly increased levels of serum lactate, triglycerides, total bilirubin, and GPT after carbamazepine treatment suggest the more severe impact of carbamazepine on carbohydrate and fatty acid metabolism as well as liver function as a whole.
Furthermore, the present study revealed that the epileptic children under treatment with antiepileptic drugs have the risk of developing secondary carnitine deficiency. This hypocarnitinemia by itself would not produce an acute illness, but it could render these children susceptible to a critical, even fatal, disease when it is accompanied by a metabolic load mainly on the fatty acid metabolism [3, 31] .
The previous studies showed a significant negative correlation between plasma carnitine and blood ammonia values following oral carnitine administration [32] and that carnitine administration resulted in clinical improvement of recurrent Reye-like syndrome with systemic carnitine deficiency [32] . On the other hand, Ishikura et al [33] recommended L-carnitine supplementation to prevent potentially fatal hepatic dysfunc-tion after valproic overdose. In addition, Therrien et al [34] reported that L-carnitine could be of therapeutic benefit in the prevention of hepatic encephalopathy precipitated by ammoniagenic conditions in humans with chronic liver disease.
Young children have a reduced capacity for carnitine biosynthesis which may limit their ability to compensate for antiepileptic drug-induced carnitine depletion. Children with neurologic disabilities, especially, may have an underlying primary carnitine deficiency due to an unrecognized inborn error of metabolism [13] . So, it is now recognized that the endogenous biosynthesis alone is not sufficient to keep carnitine concentration at an adequate level [35] .
Therefore, physicians who prescribe anticonvulsants, especially carbamazepine, for epileptic children must pay careful attention to the possible side effects that may occur. It is more logical to supply these children with carnitine-rich foods in the form of milk or milk products as a supplement to antiepileptic therapy to meet their carnitine needs and to guard against metabolic consequences of its probable deficiency. 
